107 from full-scale sidestream-configured installations for both "low-energy" pumped multi-tube 108 and rotating disc membrane modules (Poudel, 2016; Judd, 2011 Judd, , 2014 
149
150 Since both the shear rate and sludge rheological properties are common to both systems, the 151 flux generated by the imposed shear can also be assumed to be common to both systems 152 (Fig. 2) . The challenge is therefore one of quantifying the power demanded for generating the 153 same shear by the two different approaches, and then assuming that the flux:shear relationship 154 to be common to both systems. It is on such a precept that the study is based. The approach is 155 limited to the iFS configuration which is geometrically less complex than an iHF. (Table 1) .
174Table 1:
Published values of empirical constants for Equation 1 175 176 Equation (1) can thus be used to determine the apparent viscosity η a for an applied shear rate γ 177 for a given mixed liquor suspended solids (MLSS), or sludge, concentration X (Fig. 3) , the shear 178 being generated either by aeration or mechanically. X is generally between 3 and 4 g·L -1 for 179 conventional activated sludge processes and 9-15 g·L -1 for MBRs. (Fig. 4) . This γ range is also within the wide range of published γ values ( 
Shear rate generated at increasing SAD m values and two different MLSS concentrations, according 222 to four Ostwald-based expressions given in Table 1   223 224 where p A,in and p A,out are respectively the blower inlet and outlet pressures, the difference being 225 largely determined by the hydrostatic head produced by the depth of submersion of the aerator. 
279 where is the force that must be applied to pull the membrane at a certain acceleration, .
282 expression for the force required to pull the membrane upwards:
284 When the membrane is pushed downwards, the forces balance reads:
286 where is the force that must be applied to push the membrane at acceleration . Inserting ℎ 287 Equations (10)- (12) into (18) and rearranging the terms leads to the following expression for 288 the force required to move the membrane panel downwards:
The work done per unit time (i.e. the instantaneous power P) is the scalar product of the applied 291 force (push or pull) and the linear velocity :
293 where is the angle between the resulting force and the direction of movement. The power 294 averaged over one full rotation can then be determined as the integral of the instantaneous 295 power, divided by the period of rotation T:
Substituting the force components and , respectively given in Equations (17) and ℎ 298 (19), for in the above equation and accounting for efficiency losses through the overall motor 299 efficiency, ξ m , the specific power per unit membrane area becomes:
301 The specific energy demand, SED, required for one full up-down movement is then obtained 302 by dividing the specific power by the flow J·A. '
304 The reciprocating motion of the membrane panel is most simply achieved via a rotating crank 305 of radius at the top of the panel to which the panel is attached by a rod of length (Fig. 2a) , 306 the membrane being driven with the uniform angular velocity . Solution of Equations (17) 307 and (19) demands an expression for the acceleration , which is obtained through differentiation 308 of the equation for velocity v. This in turn is obtained through a consideration of the position of 309 the membrane's upper edge y relative to the centre of the crank, which is given by:
where θ is the angle of rotation (Fig. 2a) . The velocity is obtained through differentiation of 312 Equation (23) with respect to time:
The acceleration a required in Equations (17) and (19) is then obtained through differentiation 315 of Equation (24):
The shear rate generated by the reciprocation of the membrane is given by the linear velocity 
Discussion
324 According to the analysis undertaken, the range of shear rate γ generated through air-scouring 325 of an iFS MBR membrane is in the range of 82-265 s -1 , the value depending on the sludge 326 rheological behaviour (Equation (1) and Table 1 
